Abstract. It is very important to select critical operations in software reliability testing and software safety testing. In this paper, a framework for selecting critical operations based on Analytic Hierarchy Process (AHP) is proposed. The hierarchies of goals, criteria and alternative programs are introduced separately. A preliminary application is practiced to show the method's application process and demonstrate the feasibility of this method, which can be taken as a reference for critical operations' identification in engineering application.
Introduction
For high reliability and safety-critical software, it usually takes a long time or huge amount of test cases to do software reliability testing and safety testing by conventional methods, which leads to the fact that the conventional methods cannot be put into use for accurately predicting failure rates of a very high reliability or safety-critical software [1] . To solve this problem, importance sampling (IS) method is applied in software reliability testing and software safety testing [2, 3] . An accelerated software testing method is put forward based on the strengthened operational profile (OP) which is constructed on Musa's OP [4] and its foundation is to identify critical operations reasonably and effectively [5] . Now critical operations' identification can only be referred by similar software [6] . Reference [3] researches on software safety testing using fault tree analysis (FTA) method to identify hazard operations. Through FTA to find the basic events which may cause the incident, find out operations related to these events, then construct a correlative risk profile [7] . This approach is considerable, but for high reliability software risk of accidents is only part of factors to be considered. AHP [8] is a multi-criteria decision-making technique that has been widely used to solve complex decision problems [9] . Moreover AHP has been widely applied in engineering, industry, manufacturing and so on [10] . This paper puts forward a new framework which uses AHP to identify critical operations, and gives a systematic and comprehensive guidance to application.
Critical Operations selecting method based on AHP
After Musa's OP is constructed, the basic characteristic of each operation has been identified. However, the influence degree of each operation on reliability is uncertain. It is related to the occurrence probability, the failure consequence and other factors. These factors have different weight, therefore a comparative analysis of all factors is very difficult. AHP is a way to analyze quantitative problem qualitatively and provide a simple approach for decision-making.
AHP method
The basic principle of AHP is to convert complex problem into several levels and factors. Then every two factors contrast with each other to get the weights separately. From analysis and calculation through low to high layers, each program's weight is obtained for the overall goal. The largest weight of the program is the optimal solution [10] .
The Procedure to Identify Critical Operations  Construct a multi-hierarchy structure Evaluation criteria mainly include: i) Operation's probability; ii) Mission-critical level; iii) Consequence of operation's failure; iv) domain of operation. The hierarchy model is shown in Fig. 1 . Table 1 The definition of 1-9 Scale
Relative importance Definition 1
The goal i and j are equally important 3
The goal i is a little more important than j 5
The goal i is more important than j 7
The goal i is much more important than j 9
The goal i is more important than j absolutely 2, 4, 6, 8
Intermediate levels of strength 1-9 scale is used to determine the matrix, which takes the two programs of the relative importance as elements shown in Table 1 . The comparison matrix of criteria hierarchy is given as follows:  Construct the comparison matrix of operation hierarchy based on each criterion If n operations are to be decided, four n×n matrixes (F) should be built, representing the importance weights of all operations based on these four criteria.
 Normalize the comparison matrix and calculate the weights Firstly, use normalization method to calculate each matrix line, then convert (F) to (F'). Secondly, the sum of each matrix row should be calculated. Then determine weights for all the sums pf row. Here take comparison matrix of criteria hierarchy for example shown in Table 2 . 
Then we have
The last matrix 41 V is shown in Table 3 , which represents total weights of all the operations. Sort the operations by total weights, we can choose the front one-third or half operations as critical operations, according to the accelerated degree we need. 
Application research
Here we take a control software for example. As the actual OP is complicated, we analyse only a small part of operations in the Musa's OP and show the process to select critical operations.
List the operations with their probability as programs hierarchy Operations should be analyzed are: C1: Self-test (0.021); C2: Data-loading (0.057); C3: Aerial cannon attack (0.000134); C4: Missile attack (0.000089); C5 Patrol (0.048).
If no any other criterion is to be added, the weights of criteria hierarchy can be chosen as the values of 41 B 
Consistency analysis
As n is 5, so RI=1.11, 
Conclusion
It is very important to identify critical operations properly in software reliability testing and safety testing. A method based on AHP is put forward to identify critical operations taking operational profile as an example in this paper. All the processes of this method are given and some results are shown by an example.
